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1. ȶȂ 1 
 ǟŋȕ4/ÜĚǞƩ6ɪȶ3ƧǞƩ581.0GǟȅȚ4ŘǟÓȖ2 
ňǒ$ƧǞȋȌāɶ13G 1Bī33ŘǟÓȖň5Tn`53 
81.4ǟȅȚ4G ATP Binding Cassette (ABC) k_}e5ɞ4 
ÕǠǎŜEHGABCk_}e6 ATPKRoV1#/ŘǟÓ5 
KȅȚÄEȅȚđ:şÈ%GȣɓɘesW0F 5ƛțKŖÏ%G 16 
0ŘǟÓȖň5¿ƃîț13G 1ȔEHG H>04ȤĵŇǔîț7 
3ŖÏÓ6ɭǠ"H/3 H>04ƔǈǖƊÜñǈ0ehW5Ŕ8 
É1#/BĴʅǔ"H/GWWŘǟÓȖň4ɯ%G ABC k9 
_}e\xwL5 ABCB1ABCC1ǉ4 ABCG2 5ƛțKŖÏ10 




K562/BCRP 4G 24 Ǵ5WWɂĪ©5ŖÏÚƍK Flow cytometry15 
4/ƕȼ#*ȉƍGO-Y030GO-Y078GO-Y168GO-Y172 5 4 .5W16 
WɂĪ© ABCG2 5ĉɍ0G mitoxantrone 5ȅȚđ:5şÈKƂŎ417 
ŖÏ#* 5 4 Ǵ5ɂĪ©6ǒÜĚǢÉƌ4/ ABCG2 5 ATP ØƤÉ18 
ȹƭňK±ɝ#>* ABCG25ĉɍ0Gūĩƙɉ"H*lMM19 
^lyd] (IAAPʐ1 ABCG2 ĉɍȉñɤ§15ȉñKƂŎ4ɰģ#*20 
"E4 GO-Y030 D9 GO-Y078 6ȭÓŏìňȿʈ4/ K562/BCRP ȅȚ421 




© GO-Y030 D9 GO-Y078 6ĉɍȉñɤ§4ǦŠªǔ%G 14DF1 
ABCG2 5k_}eƛțKŖÏ#ǟȅȚ4/ ABCG2 K%GŘ2 
ǟÓȖňK¿ƃ%GȭÓ1#/Ƃǔ0Gîțňǯú"H* 3 




2. ǫǸȘŽ 1 
 ǟ4ħ%GŘǟÓƧǞ5ûʂǃ1#/ǟȅȚ5ŘǟÓȖňț5ǌŁGȖň2 
ǌŁ5Tn`581.1#/ǟȅȚ4GŘǟÓȖň ABC (ATP Binding 3 
Cassette) k_}e5ɞÕǠǎŜEHG 1)ABC k_}e14 
6ATP 5RoVKǔ/ȅȚÄEȅȚđ:ȭÓǽ5şÈKȱȣɓɘe5 
sW0F 2)ABCk_}e5 48Ǵ5\xwL5, ABCB1ʏP-6 
glycoprotein; PgpʐABCC1ʏMultidrug Resistance-associated Protein 1; MRP1ʐ7 
ABCG2ʏBreast Cancer Resistance Protein; BCRPʐ5ʔǴŘǟÓȖň4Ļɯ8 
%G1ċ÷"H/G 3)k_}e4ħ%GŖÏÓ5ɭǠ4D-/Řǟ9 
ÓȖňK¿ƃ0GîțňF H>04Ē5ŖÏÓɭǠ5ǫǸ3"H/10 
*­7ÀǚŖÏÓ5 Cyclosporine A CŘŮȝȭ5 Verapamil Ƃ×311 
ŖÏÚƍKŚ. 1ċ÷"H* 4,5)##3Ek_}e5ŖÏÚƍ12 
KǠţ%G54Ņȶ3ȭÓ5ɬɞɬ13FŖÏÓ4DGƴÑ3©:5Ôªǔ13 
KɁA* 1EȤĵŇǔ6îț0-*(5 4ȤĵŇǔ0GŖÏÓ6ǎ14 
ą51 IɭǠ"H/3 15 
 ɖĳơň5ī3ƔǈǖƊĔǅÜñǈ4DG ABC k_}e:5ŖÏ16 
Úƍ5ċ÷F©:5ÔªǔBī3 1Eƪǥ"H/G 6,7)WW17 
6P[ (ehW) 5ʌȩȩȃ0_sO_1#/BĴ¬ǔ"H}18 







ABCG2 5k_}eƛțKŖÏ%G 1ċ÷"H/F(5ªǔƛĶ1 
1#/6k_}e5ĉɍȉñɤ§4WWȉñ%G 10ŘǟÓ2 
1ǻñ#/şÈƛțKŖÏ#ǟȅȚ5ŘǟÓŏìňKô"'G 1ċ÷"H3 
/G 11-14ʐ##3E in vivo 5Ġʈ4/WW6ɶƽň0Ȱǀ4 
ķŸ#41ǉŃKŚ. 1ŹE43Fǒ©Ä05¢ɈŶ 5 
1öêǍŌ 1E(5ǒ©ÄÎǔǍ6ɻı4¨ȤĵŇǔ6āɶ1Ȕ6 
EH* 1517) 7 




Kǔ/_WnXKȱWW4ʄ¦#*Üñǈ GO-Y035 ēȠǟ12 
ȅȚƒ DLD-1 4ħ#WWKÿGĎƟŖÏÚƍKǯ#* 1Eſ3G13 
ƭňĎĻKǥś# HKlÜñǈ1#*ŰȷWWɂĪ©KñŔ#* 18)14 
ŰȷWWɂĪ©6ƁȆǢ4WW5Ȃ 40 ´5ƭňĎĻKɁAM}k15 
]_5ɂĪCǟɣ¥ĘǓǈ5-cateninErbB-2c-MycKi-Ras 5ǠǎK¨16 
"'G 14D-/ĻŘȟǝÚƍKB*E#* 18)"E4 GO-Y030 1W17 
WɂĪ©ĤųňēȠȢȟǜ~P_:5Ȉíŗ4D-/Ƃģ×Ɋ3Ȣȟ518 
ļŔKŖÏ#*ċ÷ 19)CGO-Y078 1ɂĪ©WWDFB¼H*ƽȹ19 











3. ǫǸǥǢ 1 
ƇǫǸ06ŰȷñŔWWɂĪ©5 ABC k_}eƛț4ħ%GŖ2 
ÏÚƍKƕȼ#>*(5ªǔƛĶ4ɯ#/ǒÜĚǢ4ȹƌ%G 1KǥǢ1#3 










ÕǠǎ"'*K562/BCRP21)K¬ǔ#*BCRP16Breast Cancer Resistance 7 
Protein KŎø#ABCG25Íó1#/ĴǔEH/G 22)K5628 
K562/BCRPȅȚ6ŒŇēĚȭĚɤȭĚǫǸǲÜĚǞƩĚ5ƈƇȪŬŞDFš®K9 
ì* HE5ȅȚƒ6RPMI-1640 (Sigma) ĈĆ4/375ʎɨÜǂȃ010 
Ĉʆ#*ĈĆ4610% FBS (fetal bovine serum; P]βȰƷThermo 11 
Scientific) 1% |n]-_kyk~O] (Thermo Scientific) KƶØ#* 12 
 13 
. ABCG25ǠǎǭɁ 14 
 ĠʈKɭė%G4*-/K562K562/BCRPȅȚƒ4GABCG25Ǡǎ15 
KǭɁ%G*A4£5ĠʈKȱ-* 16 
(1). RTqPCR 17 
ȅȚƒDFRNeasy Mini Kit (QIAGEN) Kǔ/ total RNAKřÈ#18 
NanoDrop2000 (Thermo Scientific) 4/ßÉ3ǀķG 1KǭɁ#*řÈ19 
#*total RNAKPrimeScript RT reagent Kit (TakaraBIO) Kǔ/əɐÆéŇK20 
ȱ cDNA (complementary DNA; ǧȴǢDNA) KñŔ#*MeOPCR21 




SYBR green dye (Applied Biosystems) Kǔ/ȱjeȹƌ462-	 	 CTƩK1 
ǔÄąň5ARBP (acidic ribosomal phosphoprotein P0) 5mRNA (messenger 2 




ABCG2 (forward) :  5’-GACTTATGTTCCACGGGCCT-3’ 7 
ABCG2 (reverse) :  5’-TCTCTGTTTAATGCCACAGCA-3’ 8 
ARBP (forward)       :           5’-AGGAAGTAGTTGGACTTCCA-3’ 9 
 ARBP (reverse)       :           5’- TGAGCTCCCTGTCTCTCCTC -3 10 !11 
(2). Western Blotting 12 
ȅȚKRIPA buffer 4/œƿ#4010Éɮɺȑ#ƽȹ#*ȅȚƽȹƳK413 
15000 rpm030Éɮɟńŀ4ŁEH*ƷŔÉKÿê#Pierce Protein Assay 14 
Reagent (Thermo Scientific) KƵñ#37030ÉɮØǆŀ4 NanoDrop2000 15 
(Thermo Scientific) 4/ö¾ķƻğKȱ 10ƻğ#*2 × SDS (sodium 16 
dodecyl sulfate; lj]ǬɨmkP) buffer (Wako) KØ*ŀ7%5}M17 
WMlZ4/ɷƣƫÛ (SDS-PAGE) 200V030ÉɷƣƫÛKȱ-*ɷƣ18 
ƫÛŀpolyvinylidene fluoride (PVDF) ȣ  (Millipore) 4ɐÆ#Blocking 19 
Buffer (Thermo Scientific) 4/xhUXKȱ-*ƜŘ©6ŘBCRPpW20 
mŘ©5 BXP-21 (Kamiya) 1[k5Řtk GAPDH 21 





anti-mouse IgG-HRP (Cell Signaling Technology) 1GAPDHŘ©4ħ%Ganti-1 
rabbit IgG-HRP (Cell Signaling Technology) Kǔ/ġƺ01ŻɮŝǤ#/ŘæŘ2 
© é Ň K ȱ - *  Ǡ ¾ é Ň 4 6 Western ECL Substrate Peroxide 3 
Luminol/Enhancer Reagent (BIO-RAD) Kǔ*Ŧ»46Image Quant LAS 4 
4000 mini (GE Healthcare Life Sciences) Kǔ* 5 
£4RIPA buffer5ȇŔKǯ% 6 
ʘRIPA bufferʙ 7 
10 mM Tris-HCl (pH 7.5) 150 mM čÜmkP1 mM Rg^Mþ8 
ɧɨ 1% kk X-1001% jSU][ɨmkP0.1% lj]Ǭ9 
ɨmkP1%Mygn 10 
 11 
(3). Flow cytometry4DGȅȚȳɼǠǎȹƌ 12 
 Ĉʆ#*ȅȚK3105 ȅȚ/ml5ȅȚǀķ43GDIMDMĈĆ4/ɅŮ#*13 
ȯ¾ȩȃ5PE (Phycoerythrin) 0ƙɉ"H*ŘtkABCG2Ř©0G5D3Ř© 14 
(eBioscience) KĈʆƳ4Ø37ŉƺƘ4ɡ¾0ʒŻɮĈʆ#*Ĉʆŀ15 
15000 rpm05Éɮɟń#ƷKɳç#0.5mM EDTAKØ*PBS (Phosphate-16 
buffered saline) 300µl0|hkKÅœƿ#*ȅȚ6BD FACS Verse (Becton, 17 
Dickinson and Company) Kǔ/ȯ¾ĻķKƻğ#* 18 
 19 
	. ĠʈȻǘ 20 
 K562/BCRPȅȚƒKǔ/WWɂĪ©5ABCG24ħ%GŖÏÚƍKƕȼ21 
















. Flow cytometry4GABCG2ƛțŖÏÚƍ5ȹƌ 11 









x (Becton, Dickinson and Company) 4Ø*ABCG25ȯ¾ĉɍ0G21 




5ŖÏÓ0GKo143 (Tocris bioscience) 10 µMKØ*gxK}^iNx1 
[k1#/ǔ(5 5gx4WWɂĪ©K11020 µM52 
ǀķ13GD4(H)HØ37ŉƺƘ4ɡ¾0ʒŻɮĈʆ#*Ĉʆŀ3 
15000 rpm05Éɮɟń#ƷKɳç#0.5 mM EDTAKØ*PBS (Phosphate-4 
buffered saline) 300 µl 0|hkKÅœƿ#*ȅȚ6BD FACS Verse (Becton, 5 







5 Suresh V. Ambudkar ãďDFšDFš®Kì* 13 
 14 




%G 10WWɂĪ©ATPØƤÉȹ:GÚƍKÌğ%G 1îț119 
3G 23,24) 20 





esW6Ƚ5 Suresh V. Ambudkar ãďDFš®Kì* ATPase assay1 
ǔgx42ATPase bufferH2OKØ( 4ȅȚȣesWK6 µgØ*2 
( 4 0 – 10  µM>05ɮ0ʗƠɴ5ǀķ4Ʌǿ#*WWɂĪ©K(H)3 
H5gx4Ø*ǀķ!14Skrm^Pɨ (Vi) (Sigma) 0.3 mMKƶ4 




ġƺ0ɺȑ#*(5ŀö¾ķfUltrospec 3100 pro (Amersham 9 
Biosciences) Kǔ/880 nm0ö¾ķKƻğ#*Vi4D-/ABCG24DGATP10 
éŇ6ŖÏ"HG*AVi (-) 5gx5éŇ (esWÂ©5ATPéŇ) E511 
Vi (+) 5gx5éŇ (ABCG2£đ5ATPéŇ) 5ĮKƥAG 14D-/12 
ABCG24DGATPØƤÉȹKǾÈ#*ðéŇ5EC50 (half maximal effective 13 




ʘ2ATPase bufferʙ 18 
50 mM Mes-Tris (pH 6.8)50 mM čɨTP5 mM M^ÜmkP10 19 






1% xjɨMnP2.5 N Ǭɨ0.014% ɦǪɨMgTP 1 
 2 
ʑ IAAP 4DG ABCG2 5ūĩƙɉȹƌ 3 
  5Ġʈ6WWɂĪ© ABCG2 5ĉɍȉñɤ§4ȉñ%G2K4 
ŹE4%G 1KǥǢ1#*lMM^lyd]  ([125I]-5 
iodoarylazidoprazosin, IAAP) 6 ABCG2 5ĉɍ0Gyd]Kūĩƙɉ#*6 
ɂĪ©0FABCG2 5ĉɍȉñɤ§4ȉñ%G 1ǩEH/G 26)ȭǈ7 
ĉɍȉñɤ§4ȉñ%G50H7 IAAP 1ǻñ%G*AABCG2 ĉɍȉñɤ§8 
:5 IAAP5ȉñ6ŖÏ"HG 9 
  5Ġʈ06tkǟȅȚƒ MCF-7 4 ABCG2 KɞÕǠǎ"'* MCF7-FLV10 
ȅȚƒDFřÈ#*esWKǔ* 5esW6Ƚ5 Suresh V. 11 
Ambudkar ãďDFš®Kì* 12 
 100mM Tris-Hcl (pH 7.5) 4MCF7-FLV esW1 10µM5WWɂĪ©13 
KØ 37ŉƺƘ0 10Éɮ²ƺ#*3 nM IAAP (2,200 Ci/mol) KØȄđȏ14 
yÇƤ0 10 ÉɮéŇ"'*(5ŀABCG2 4ǉǙǢ3éŇKřÈ%15 
G*A4£ɱ4ǯ%ÀǚƦɱƩKȱ-*Òɗ#*WWɂĪ©IAAP KØ16 
*ȅȚȣesW4 1%Mygn (Sigma) KƶØ#* RIPA buffer KØ17 
BXP-21 Ř©KÁH 40 2 ŻɮéŇ"'*(5ŀE$A RIPA buffer 0Ƭ18 
Ư#* Protein A sepharose KØ40żɺȑ#*(5ŀ15000 rpm019 
3Éɮɟń#ƷKɳç#*ŀ4 PIRA buffer, 100mM Tris-Hcl (pH 7.5) 0 2ÿ20 
&.ƬƯ#*Ɓŀ5ƬƯŀ4ƷKĜÂ4ɳç#SDS-PAGE buffer KØ21 
37ŉƺƘ0ʒŻɮ²ƺ#(5ŀ H2O KØ"E4 30 ÉòƗ4²ƺ#*22 




/ 150 V0ɷƣƫÛ#*GelKăğǇŀXȏwN4ɋF¡8001 
8  15Żɮžɸ"'*ūĩƭň6 STORM 860 PhosphorImager System 1(52 
cwkPQM ImageQwant (Molecular Dynamics) Kǔ/ǾÈ#* 3 
 4 
. ȭÓŏìňȿʈ (MTS assay)  5 
K562 ȅȚƒK562/BCRP ȅȚƒKǔ/WWɂĪ© ABCG2 5ĉ6 
ɍ13GŘǟÓ SN-385ȭÓŏìňKĐÜ"'Gƕȼ#* 7 
5.0  103 ȅȚ/100 µl/well5ȅȚǀķ0 96-well plate4(H)HťǴ# 24Ż8 
ɮĈʆ#*(5ŀ15000 rpm 5 É0ɟńŀĈĆKɳç# SN-38 K 0 – 100  9 
mM 4ɅŮ#WWɂĪ©ʒµM KƶØ#* RPMI ĈĆK 100 µl/well &.10 
ŗ#/ʖŵɮĈʆ#*Ĉʆŀ4 RPMI ĈĆ0 5 ´įɩ#* MTS ƽƳ 11 
(Promega) K 50 µl/well&.Ø370 4ŻɮéŇ"'~OWyk12 
f Multiskan FC (Thermo Scientific) 0ȯ¾ĻķKƻğ#/ȅȚǒęǍKȻǾ13 
#*IC50 (50% inhibitory concentration; 50%ŖÏǀķ) 6 GraphPad Prism 14 
(ver.7.0, GraphPad Software) Kǔ/ǾÈ#* 15 
 16 
. ȊȻȹƌ 17 
(H)H5Ġʈ6ȵŭÿŲȱ#Ĳć¶1ƙƼ¸Į>*6ƙƼɃĮKǾÈ#*18 
Flow cytometry 4DGŖÏÚƍȹƌIAAP 4DGūĩƙɉȹƌ46 Student’s t19 
ƕğȭÓŏìňȿʈ46 Wilcoxon Δïɿ§ƕğKǔ/ƕğ#ȊȻĚǢȹƌ20 
46 JMP (ver.12.2, SAS International INC.)GraphPad PrismKǔ*&21 





5. ǫǸȉƍ 2 
. K562K562/BCRPȅȚƒ4GABCG25ǠǎǭɁ 3 
RTqPCR1Western blottingDFK562/BCRPȅȚ46mRNAesW1B4 
4ABCG25ɞÕǠǎKɁAȸƒ0GK562ȅȚ46ABCG2Ǡǎ3 1Kǭ5 
Ɂ#*(Ă3a, 3b) ȅȚȳɼ5ABCG2Ǡǎ6PE4D-/ȯ¾ƙɉ"H*ŘABCG26 
Ř©55D3Ř©Kǔ/ǭɁ#*K562/BCRPȅȚ06K562ȅȚ4Ƣ;/ʋȯ7 
¾ĻķKɁAȅȚȳɼ4ABCG2ɞÕǠǎ#/G 1KǭɁ#* (Ă3c)  8 
 9 




K562/BCRP4/mitoxantroneşÈŖÏ"Hȯ¾Ļķ6ĎĻ#* (Ă4b, 14 
Ko143) K562/BCRP1WWɂĪ©GO-Y030K«ǔ#*Čñ0615 
mitoxantrone5ȯ¾Ļķ6ǀķ¯ęǢ4ĎØ#20 µM5GO-Y0306Ko1431<=16 
òǽ5ȯ¾Ļķ13-*  (Ă4b, 5a) ű0GO-Y0306K5624G17 
mitoxantrone5ȬǷ46ĽɾK3-*  (Ă4a) £DFGO-Y030618 
ABCG24DGmitoxantrone5ȅȚđşÈKŖÏ#* 1ǯú"H*"E419 
GO-Y078GO-Y168GO-Y172BòƗ4ƂŎ3ŖÏÚƍKǯ#* (Ă4b, d, f, h, 20 
Ă5)  21 
Ko143 10 µM5ŖÏÚƍK100ʎ1#*Čñ524Ǵ5WWɂĪ©10 µM22 




ŖÏÚƍ3# (No Effect) 2575ʎKɤÉǢ3ŖÏÚƍF (Partial inhibition) 1 
75ʎ£KƂŎ3ŖÏÚƍF (Significant inhibition) 5ʔȓ4Éʄ#*1 I2 
8ǴNo Effect12ǴPartial inhibitionGO-Y030GO-Y078GO-Y1683 




ÉǢ3ŖÏÚƍɁAEHʏĂ6b, dʐ10 µM20 µM5ʋǀķ4/6}^i8 
Nx[k5Cyclosporine A46è73B55ƂŎ3ŖÏÚƍKɁA* 9 






	. WWɂĪ©4DGATPØƤÉȹȹƌ 16 
 Flow cytometry4DGȹƌ0ƂÚ3ŖÏÚƍKB*E#* 4Ǵ5WWɂĪ17 
©Kǔ/ATP ØƤÉȹȹƌKȱ-*Ă 7a 4ǯ#*D4WW618 
ATPØƤÉȹKǀķ¯ęň4±ɝ# EC506 14 ± 0.002 nM0-* (Ă 7a, ȳ 2) 19 
ʔǴ5WWɂĪ© GO-Y030GO-Y078GO-Y172 BòƗ4 ATP ØƤÉȹ20 
K±ɝ#(5 EC506 480 ± 0.06 nM790 ± 0.10 nM930 ± 0.12 nM 1ʋ±21 




ABCG2 1ȉñ# ATP ØƤÉȹK±ɝ%G 1ǯú"H*űGO-Y168 41 
/6 0.25  0.5 µM5¨ǀķ0 ATPØƤÉȹ6ŖÏ"H1  10 µM5ʋǀ2 
ķ4/6±ɝ#*ʏĂ 7bʐ 3 
 4 





ʕǴ5WWɂĪ©6WW1òǽ450  60ʎ5Öñ0IAAP1ABCG29 
5ȉñKɰģ#* (Ă8b)  5 1EWWɂĪ©6ABCG25ĉɍȉñɤ10 
§4ȉñ%G 1ǯú"H* 11 
  12 





¶0-* (ȳ3) 1 µM 5GO-Y030K«ǔ#*ČñIC50610.03 ± 4.12 µM418 
1 µM 5GO-Y078K«ǔ#*Čñ611.71 ± 4.14 µM4ũü#* (Ă9b, d, ȳ3) 19 





3-* (Ă9a, c) >*GO-Y168GO-Y1726K562/BCRPȅȚ5SN-381 
ŏìň4ĐÜK3-* 2 
 3 
6. ȔĦ 4 
ɖĳP[5ĔǅǓǈ0GWW ABCB1ABCC1ABCG2 3255 
ABC k_}e5ȭÓȖňƛțKɰģ%G 1ċ÷"H/G 11-14)#6 
#3EWW5ǒ©ÄÎǔǍ5¨"EȤĵŇǔ6āɶ1"H/* 15-7 
17)ǒ©ÄÎǔǍKũü%G*A4 H>04Ɨ3ȿ?3"H/*ʍ[]8 
P5ŔÉ0Gv|K«ǔ%G 10WW5öêÚƍŸ%G 19 
EM^rk1#/5ȭǈ5ɭǠ3"H* 1C 28)WW5}c10 





# HE5ɂĪ©5ĒÓȖň ABC k_}eƛț:5Úƍ6ƅ+ŹE16 
1"H/3 17 
ƇǫǸ06 Flow cytometry 4D-/K562/BCRP ȅȚ5k_}kƛț18 
4ħ%G 24Ǵ5WWɂĪ©5ŖÏÚƍKȎȒǢ4ȹƌ%G 14DFGO-19 
Y030GO-Y078GO-Y168GO-Y172 5ʕǴ5WWɂĪ© ABCG2 5ĉ20 
ɍ0G mitoxantrone 5şÈKƂŎ4ŖÏ%G 1ŹE43-* (ȳ 1) Ă21 




6ĽɾKè="3-* HE 4 Ǵ5ɂĪ©5ŖÏÚƍ6ABCG2 5Ŵǩ5ɰ1 
ģÓ0G Ko1435ŖÏÚƍ1<=òǽ0-* (Ă 4, 5)  2 
Ɯ0 HE5ɂĪ©25D4 ABCG2 ƛț4Ľɾ#/G5ǒÜĚǢ3 
4ŹE4#*GO-Y030GO-Y078GO-Y168GO-Y172 6IAAP 4DG4 
ABCG2 5ūĩƙɉKƂŎ4ɰģ# HE5WWɂĪ© ABCG2 5ĉɍ5 
ȉñɤ§4ǦŠȉñ%G 1ǯ"H* (Ă 8)  >*ATP ØƤÉȹȹƌ5ȉƍ6 
GO-Y030GO-Y078GO-Y172 5ʔǴ5ɂĪ©6ǔɬ¯ęǢ4 ATP ØƤÉȹ7 
K±ɝ#* (Ă 7) £5ǒÜĚǢȹƌE HE5ɂĪ©6 ABCG25ĉɍȉ8 
ñɤ§4ĉɍ1#/ǦŠȉñ#..ABCG2 ƛțKŖÏ%G 1ŹE43-9 
*WWɂĪ©6ȭǈ1ǻñǢ4 ABCG2 5ĉɍȉñɤ§4ȉñ%G 1010 
ABCG25ȭǈşÈƛțKŖÏ%G 1ǯú"H*  11 
>*GO-Y168 5 ATP ØƤÉȹȹƌ06¨ǀķ (0.25  0.5 µM) 0 ATP Ø12 
ƤÉȹKŖÏ#ʋǀķ (1 – 10 µM) 0±ɝ%G1ȧøƴȉƍKǯ#* (Ă13 
7b)  5ǎɊKŹE4%G*A4 GO-Y168 5čȃ (Cl) æĘ4ƪǥ#òɤ14 
§K 5qZæĘ4ȑŢ"H* GO-Y160 (CN) GO-Y161 (F2) GO-Y162 15 
(Cl2) GO-Y163 (Br2) Kǔ/ ATP ØƤÉȹȹƌKȾ°#*##3E 16 
HE5WWɂĪ©6 ABCG2 5ØƤÉȹ4ħ#/ÚƍKǯ"3-* GO-17 
Y168 ¨ǀķ0 ATP ØƤÉȹKŖÏ#*ƛĶ6ŹE063îțň1#/18 
ABCG2 ȸùň5Ǚ3G 2 .5ĉɍȉñɤ§KŚ. 1ȔE*.>F19 
GO-Y168 6¨ǀķ4/ ATP ØƤÉȹKɰģ%Gĉɍȉñɤ§4ªǔ#DF20 
ʋǀķ5ɵ6 ATPØƤÉȹK±ɝ%G 5ĉɍȉñɤ§4ȉñ#/Gîțň21 




ȭÓŏìňȿʈ06K562 D9 K562/BCRP ȅȚ4G SN-38 5ŘǟÓŏ1 
ìň5ũüÚƍ4./ƕȼ#*GO-Y030 K6$A1%GWWɂĪ©6ǟ2 
ȅȚ4 TP53DR5 KɞÕǠǎ"'M}k]_KɂĪ#ŘȟǝÚƍKB*E%3 
 1ċ÷"H/G*A 20) 5Ġʈ06WWɂĪ©ȥ©05ŘȟǝÚƍ4 
Ľɾ#3ʒµM 5¨ǀķ5WWɂĪ©Kǔ/ĠʈKȱ-*(5ȉƍ5 
4Ǵ5ɂĪ©5, GO-Y0301 GO-Y0786K562/BCRPȅȚ05 SN-385ŏì6 
ňKƂŎ4ũü#>*(5Úƍ6Ŵǩ5ŖÏÓ Ko143 10 µM 4GÚƍ17 
òǽ0-*>*SN38 ʋǀķ5ɵ4 Ko143 DFB GO-Y030GO-Y0788 
5ȅȚĎƟŖÏƹĺ#/F(5æĀ4ɯ#/6ŹE03Ko143 10 9 
µM 1WWɂĪ©DFBʋǀķ0G 1EKo143 4DGĽɾɯ#10 
/GîțňȔEH*ʏĂ 9b, dʐűK562 ȅȚ4ħ#/6(5ŏìň411 
ĽɾKè="3-* (Ă 9a, c, ȳ 3) #*-/GO-Y030 D9 GO-Y07812 
6ABCG24DGŘǟÓ5şÈƛțKŖÏ%GªǔKB. 1ǯú"H* 13 
£DF HE5ɂĪ©6âǊŗ4/ǟȅȚ5M}k]_ɂĪ4D14 
GŘȟǝÚƍKɁAG 19) 4ABCG2 ǠǎǟȅȚ4ħ#/6ŘǟÓ1«ǔ%G 15 
14D-/ŘǟÓ5ŏìňKŸ"'GÚƍFǧǢ4ŘȟǝÚƍKǠţ%16 
GîțňG1ȔEH* 17 
ǉ4 GO-Y078 6WW5Ȃ 2 ´ʋƽȹķKǯ# 19)ÛǈĠʈ4/B18 
ȗǟ5ȡȣťǴj~P_:5 GO-Y078 ȡȞÄŗ4D-/WWŗŻ19 
DFB 1.4 ´ǒęǍũü#*15ċ÷KɁAǒ©Ä05Ġɵ5ŘȟǝÚƍBċ20 






ƇǫǸ06 Flow cytometry4DGȹƌ4/ABCG21òƗ4 ABCB1Ǡǎ2 
ȅȚƒ4ħ#/BWWɂĪ©5 ABCB1 ƛț5ŖÏÚƍ4./ƕȼ#*3 
ʏĂ 6ʐABCG24Gȹƌ0ɁAEH*D3Ŵǩ5ŖÏÓ1òǽ5ŖÏÚ4 
ƍKB*E%WWɂĪ©6ɁA3-*GO-Y030 1 GO-Y078 4/5 
6ɤÉǢ3ŖÏÚƍǯ"H*ʏĂ 6b, d, e, fʐɖĳABCB11 ABCG24Ãɚ6 
#*Ɩɛƭňǧɯȹƌ4DGŰȷŖÏÓ5ɭǠ5ǫǸC 33) ABCB11 ABCG2ű7 
5ĉɍ0G haloperidol KũȨ%G 14D-/"E4Ļ×3ŖÏÓÚƍKŚ.8 
ÜñǈKɭǠ#*ċ÷ 34)3"H/GGO-Y030GO-Y078 4/B9 
ABCB1ABCG2 5ű4ªǔ%GDual Inhibitor1#/5ªǔƄĿ010 
>* HE5ƖɛKĉ4#*"E3GŰȷŖÏÓ5ɭǠ:1ǠĬ"'G 1BƄĿ11 
0G 12 
Revalde E5ċ÷ 35)4DG1WW5ÜĚƖɛ55ěğ3ɤÉ0G13 




GO-Y030 1 GO-Y078 Kõ@ 24 ³5ɂĪ©5ÜĚĹEɂĪ©1 ABCG2 518 
Ɩɛƭňǧɯ4./ƕȼ#*ƂŎ3ŖÏÚƍKǯ#* GO-Y030GO-Y07819 
GO-Y168GO-Y172  3,5-^M[U]ȑŢ{bǐ1^RpƖɛKŚ. 20 
1D9ű5ƆǺ5{bǐȑŢĉ5\O`ƹ$*ɂĪ© GO-Y156 121 





G 1Eĉɍȉñɤ§4ȉñ%G*A46ɠÊ3ÉĘ\O`Ņȶ0G 2 
1ȔEHG>*GO-Y030 1ò$ȪʇǐȑŢĉKƆǺ4Ƃ#3Eĕ3 
ɤǐ4D-/ăğ"H*ɂĪ© GO-Y1521 GO-Y1674/ƭňƹ$/G4 
 1E ABCG2 1ǧªǔ%G*A46ɠķ3ƐɏňŅȶ0G 1Bǯú"5 
HG 6 
GO-Y030 K6$A1%GWWɂĪ©6ĕɤ4^RpƖɛKŚ. 17 
4D-/ɣ¥Ę5esW15ȸùňʋ3G~OYìĥ©1#/ªǔ%G 8 
1ǯ"H/G 36,37)ʋƭňKǯ#* GO-Y030GO-Y078GO-Y168GO-9 
Y172 &HBʓ.5~OYéŇKìĥ%Gɤ§KƂ#/G 1E10 
[125I]IAAP 1ǻñ%Gɤ§4ęą%GƥƓňĝțĉʏSH ĉC imidazole ĉʐ1Ã11 
Ƃȉñň5ǧªǔK#/ȉñ#(5ƛțKɰģ#/G1ȔEH*Ƈǫ12 
Ǹ05ȉƍABCG2 1ȭǈ15Ɩɛƭňǧɯ5"E3GǠĬ:5Ù13G 13 
1ȔEH* 14 
 15 




7. ȉɆ 1 
ŰȷñŔWWɂĪ© GO-Y030GO-Y078GO-Y168GO-Y172 62 
ABCG2 5ĉɍȉñɤ§1ǦŠȉñ%G 14D-/ ABCG2 k_}eƛ3 
țKŖÏ#*(HE5, GO-Y030GO-Y078 6ǟȅȚ5 ABCG2 k_4 
}e4DGŘǟÓȖňK¿ƃ%GŖÏÓ1#/5îțňǯú"H* 5 
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10. ĂɄ 1 
ĂʒʑĠʈȻǘ 2 
 ƇǫǸ4GĠʈ5ƮH4./ǯ% 3 
 4 




Ă 3. K562D9K562/BCRPȅȚ4GABCG2Ǡǎȹƌ 9 
a. RT-qPCR4DGABCG2 mRNA5Ǡǎȹƌ5ȉƍKǯ% 10 
b. Western blotting4DGABCG2esWǠǎȹƌ5ȉƍKǯ% 11 





Ă  4. W  W   ɂ Ī © 5 K562  D 9 K562/BCRP ȅ Ț 4   G17 
mitoxantrone5ȬǷ:5Ľɾ 18 
K562ȅȚ (a, c, e, g) 1K562/BCRPȅȚ (b, d, f, h) KABCG25ĉɍ0G19 
mitoxantrone 5 µM111020 µM5WWɂĪ©>*6Ŵǩ5ŖÏÓ020 




d)GOY168 (e, f)GOY172 (g, h) 5ȉƍKǯ%ƚɑȯ¾ĻķȐɑȅȚ1 
ŭKǯ#/G 2 
 3 




Y030(b) GO-Y078(c) GO-Y168(d) GO-Y172 5ȉƍKǯ% (n=3) * p < 8 
0.05Kǯ% (Student’s t ƕğ) 9 
 10 
Ă 6ʑWWɂĪ©5KB-3-1D9KB-V1ȅȚ4GRhodamine 11 
1235ȬǷ:5Ľɾ 12 
ĘĢʀǟȅȚƒ0GKB-3-1ȅȚ (a, c) 1ABCB1ǠǎȅȚƒ5KB-V1ȅȚ (b, d) 13 
KABCB15ĉɍ0GRhodamine 123 5 µM111020 µM5WWɂĪ14 
©>*6Ŵǩ5ŖÏÓ0GCyclosporine A (Cys A) 10 µM11B445Éɮ37ķ15 
0Ĉʆ#*GO-Y030 (a, b)GO-Y078 (c, d)5ȉƍKǯ%ƚɑȯ¾ĻķȐ16 
ɑȅȚŭKǯ#/GFlow cytometery0Ȼƻ#*KB-V1ȅȚ4G17 
Rhodamine 1235Ĳćȯ¾ĻķKƢɒ#[kK1.01#*ɵ5ð\y18 
5ǧħǢ3ȯ¾ĻķKǯ#* (n=3)(e) GO-Y030(f) GO-Y078  * p < 0.0519 











(a) CurcuminGO-Y030GO-Y078GO-Y1725ʕ.5ȉƍKȊ#/ǯ#* 7 
(b) GO-Y1685ȉƍKǯ%GO-Y1685¨ǀķ05ŖÏÚƍ6ÍƎ4ȳǯ#* 8 
 9 
Ă 8. WWɂĪ©5IAAP4DGABCG2ūĩƙɉȹƌ4ħ%GĽɾ 10 
IAAP6ABCG25ĉɍ0Gyd]Kūĩƙɉ#*ɂĪ©0Gtkǟ11 
ȅȚƒMCF7-FLVEřÈ#*esWKǔ/IAAP1ABCG25ȉñ4G12 





ħǢ3ŖÏÚƍKǯ% (n=3) * p < 0.05Kǯ% (Student’s tƕğ) 18 
 19 
Ă 9.  K562D9K562/BCRPȅȚ4GSN-385ŏìňȿʈ 20 






}^iNx[k1#/5Ko143 10 µMɎ(H)H1 µM GO-Y0302 
GO-Y078Kǯ#/GWilcoxon Δïɿ§ƕğ4/p¶KǾÈ#* 3 




ȳ 1. Flow cytometory 4DGWWɂĪ©5 ABCG2 ƛțŖÏÚƍ51 







Compounds % Compounds % Compounds % 
GO-Y139 1.6±2.6 GO-Y022 51.8 GO-Y030 84.3±3.5 
GO-Y144 0.0±2.4 GO-Y135 26.6±2.7 GO-Y078 82.9±3.4 
GO-Y146 15.2±1.2 GO-Y150 28.2±6.0 GO-Y168 83.2±6.8 
GO-Y148 8.6 GO-Y152 69.8±3.4 GO-Y172 77.4±1.2 
GO-Y149 9.2 GO-Y153 30.5±9.9 Curcumin 99.5±8.23 
GO-Y151 6.1 GO-Y156 56.4±6.1 
  
GO-Y157 0.3 GO-Y160 29.9±1.3 
  















10 µM Ko143K 100%1#*Ż5ǧħǢ3ŖÏÚƍKǯ#*ŭ¶6Ĳć1ƙƼ¸4 
Į Kǯ#/G (n=3)  5 




ȳ 2. WWɂĪ©5 ABG2 ØƤÉȹÐƾÚƍ5 EC50¶5Ƣɒ 1 
Compounds EC50 (nM) 
Curcumin 14 ± 0.002 
GO-Y030 480 ± 0.06 
GO-Y078 790 ± 0.10 
GO-Y168 3070 ± 1.02 
GO-Y172 930 ± 0.12 
 2 
ŭ¶6Ĳć1ƙƼɃĮKǯ% (n=3)  3 




ȳʔ. SN-38 ȭÓŏìňȿʈ5 IC50¶5Ƣɒ 1 
SN-38 treatment IC50 (µM) Fold resistance* 
K562 9.92±0.18 1.00 
K562/BCRP 99.89±0.11 10.07 
    K562/BCRP + Ko143 10µM 9.89±0.12 1.00 
K562/BCRP + GO-Y030 1µM 10.03±4.12 1.01 
K562/BCRP + GO-Y078 1µM 11.71±4.14 1.18 
 2 
ŭ¶6Ĳć1ƙƼɃĮKǯ% (n=3)  3 




















































































































































































































































































































































Mean% Total% Grandparent% ParentEventsName
cont:P1 8,311 83.11 *** 83.11 134,285 59,386 133,234 56,563 132 122
Mitxantrone only:P1 8,281 82.81 *** 82.81 133,278 60,851 132,452 58,038 2,836 2,682
Ko143 10uM:P1 8,350 83.50 *** 83.50 136,517 61,083 135,558 58,292 3,464 3,299
078 1uM:P1 8,310 83.10 *** 83.10 135,153 61,365 133,967 58,659 3,530 3,361
078 10uM:P1 8,329 83.29 *** 83.29 132,750 62,774 131,487 60,169 3,971 3,834
078 20uM:P1 8,357 83.57 *** 83.57 132,612 62,324 131,379 59,434 4,019 3,872
078 40uM:P1 8,064 80.64 *** 80.64 133,202 60,682 131,658 57,515 3,603 3,451
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Mean% Total% Grandparent% ParentEventsName
cont:P1 7,795 77.95 *** 77.95 150,692 59,482 150,511 57,230 105 99
Mitxantrone only:P1 7,995 79.95 *** 79.95 148,886 62,889 148,349 60,475 4,673 4,502
Ko143 10uM:P1 7,786 77.86 *** 77.86 150,977 63,944 150,914 61,384 5,531 5,330
030 1uM:P1 7,856 78.56 *** 78.56 149,680 62,509 149,112 59,691 4,797 4,634
030 10uM:P1 7,497 74.97 *** 74.97 151,756 64,069 151,019 61,358 5,430 5,262
030 20uM:P1 7,376 73.76 *** 73.76 152,844 65,115 152,081 62,616 5,583 5,423
030 40uM:P1 7,520 75.20 *** 75.20 149,418 63,783 148,783 61,211 5,341 5,179
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Mean% Total% Grandparent% ParentEventsName
cont:P1 6,969 69.69 *** 69.69 139,234 77,264 138,018 74,593 164 151
Mitxantrone only:P1 6,946 69.46 *** 69.46 140,787 79,641 139,923 77,073 1,489 1,149
Ko143 10uM:P1 6,848 68.48 *** 68.48 142,303 80,724 141,078 78,834 6,164 5,911
030 1uM:P1 6,726 67.26 *** 67.26 143,526 80,938 142,394 78,090 3,553 3,277
030 10uM:P1 6,049 60.49 *** 60.49 144,659 85,907 144,251 84,018 5,886 5,641
030 20uM:P1 5,672 56.72 *** 56.72 147,121 87,305 146,895 85,937 5,805 5,583
030 40uM:P1 5,898 58.98 *** 58.98 144,097 85,815 143,516 83,814 5,619 5,399
078 1uM:P1 6,836 68.36 *** 68.36 139,070 79,151 137,627 76,434 4,378 4,119
078 10uM:P1 6,269 62.69 *** 62.69 141,634 80,611 139,814 77,934 5,043 4,824
078 20uM:P1 6,206 62.06 *** 62.06 142,155 80,809 140,588 78,160 5,558 5,310
078 40uM:P1 5,826 58.26 *** 58.26 143,917 78,897 142,738 76,070 5,842 5,649
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Mean% Total% Grandparent% ParentEventsName
cont:P1 6,969 69.69 *** 69.69 139,234 77,264 138,018 74,593 164 151
Mitxantrone only:P1 6,946 69.46 *** 69.46 140,787 79,641 139,923 77,073 1,489 1,149
Ko143 10uM:P1 6,848 68.48 *** 68.48 142,303 80,724 141,078 78,834 6,164 5,911
030 1uM:P1 6,726 67.26 *** 67.26 143,526 80,938 142,394 78,090 3,553 3,277
030 10uM:P1 6,049 60.49 *** 60.49 144,659 85,907 144,251 84,018 5,886 5,641
030 20uM:P1 5,672 56.72 *** 56.72 147,121 87,305 146,895 85,937 5,805 5,583
030 40uM:P1 5,898 58.98 *** 58.98 144,097 85,815 143,516 83,814 5,619 5,399
078 1uM:P 6,836 68.36 *** 68.36 139,070 79,151 137,627 76,434 4,378 4,119
078 10uM:P1 6, 69 62.69 *** 62.69 141,634 80,611 139,814 77,934 5,043 4,824
078 20uM:P1 6,206 62.06 *** 62.06 142,155 80,809 140,588 78,160 5,558 5,310
078 40uM:P1 5,826 58.26 *** 58.26 143,917 78,897 142,738 76,070 5,842 5,649
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